Gluon and ghost condensates of dimension two and their relevance for Yang-Mills theories are briefly reviewed.
The gauge condensate A
2 in the Landau gauge
Motivation
We shall consider pure Euclidean SU (N ) YangMills
In the last few years lattice simulations [1] of the two and three point functions of SU (N ) YangMills in the Landau gauge have reported the existence of a large discrepancy between the expected perturbative behavior and the lattice results. The discrepancy is sizeable up to energies ≈ 10GeV , which is a rather big value compared to Λ QCD ≈(200 − 300)M eV . According to [1, 2] , the discrepancy could be explained by adding to the perturbative result a power correction of the kind 1/k 2 , by introducing the dimension two gauge condensate A 2 = A a µ A a µ , namely
and
where the coefficients c, c ′ are obtained through OPE [3] . The lattice estimate for the gauge condensate is A 2 ≈ (1.64GeV ) 2 at the energy scale µ = 10GeV [1] . The existence of a nonvanishing condensate A 2 could be deeply related to the dynamical mass generation for the gluons and to the instability of the causal perturbative Yang-Mills vacuum [4] . Lattice results [5] have indeed reported something like m gluon ≈ 600M eV . It is worth mentioning that theoretical analysis of the gluon propagator in the Landau gauge have shown that its behavior is suppressed in the infrared region [6, 7, 8, 9, 10, 11] , in agreement with lattice simulations [5, 12, 13] .
The gauge condensate A 2 might also be relevant for confinement [14] , as it could lead to the area law for the vacuum expectation value of the Wilson loop W ∼ exp (−σArea) with σ ∼ A 2 . In particular, as underlined in [2] , A 2 should receive contributions from both long and short distances, i.e.
For what concerns the long distance part A 
In the BRST framework we have that, in the Landau gauge, 
and A 2 min is thus expected to hold in the Landau gauge. In fact, as discussed in [17] , it turns out that in the abelian case d 4 xA 2 = A 2 min . Also, from [17] , one learns that the condensate A 2 can be used as a useful order parameter for the phase transition of compact QED in 3D. In the nonabelian case, the situation is more complex. It is true that the Landau gauge condition ∂A = 0 is a stationary condition for the functional d 4 x A 2 . However, in this case, one has to face the existence of Gribov's ambiguities for large values of the gauge field [7] . A recent discussion about A 2 min and Gribov's ambiguities can be found in [18] . The operator A 2 displays also remarkable ultraviolet properties. It is multiplicatively renormalizable, its anomalous dimension γ A 2 being available up to three loops in the M S scheme [19] . Recently, it has been proven [20] by using BRST Ward identities that γ A 2 is not an independent parameter of the theory, being expressed as a combination of the gauge beta function β and of the anomalous dimension γ A of the gauge field A, according to the relationship
2. Generalization of A 2 to other gauges
The Maximal Abelian Gauge
The Maximal Abelian gauge (MAG) plays an important role for the dual superconductivity picture for confinement based on the electromagnetic duality proposed by [21] . This gauge is extensively used in lattice simulations. It has provided evidences [22] for the Abelian dominance hypothesis [23] and for monopoles condensation [24] . In the MAG, the gauge field is decomposed according to the generators of the Cartan subgroup of the gauge group. For SU (2)
For the gauge fixing we have
where ξ denotes the gauge parameter and
The MAG allows for a residual local U (1) invariance, which has to be fixed later on. It is a nonlinear gauge. As a consequence, a quartic ghost interaction has to be introduced for consistency [25] . Lattice simulations have shown that the offdiagonal components A β µ acquire a mass [26, 27] . These components should decouple at low energies, according to the Abelian dominance. Therefore, the understanding of the mechanism for the dynamical mass generation for the off-diagonal components is fundamental for the Abelian dominance. It is remarkable that the operator A 2 of the Landau gauge can be generalized to the MAG [28, 29] . The gluon-ghost dimension two operator 
The Curci-Ferrari gauge
The so called Curci-Ferrari gauge resembles very much the MAG. It can thus provide useful insights about the gluon-ghost condensate. For the gauge fixing we have now O CF is multiplicatively renormalizable [29] . Its anomalous dimension has been computed till three loops in the M S scheme [19] . Recently, the effective potential for O CF has been obtained in [31] , yielding a gap equation whose weak coupling solution gives a nonvanishing condensate O CF , resulting in a dynamical mass generation. This gives an indication that something similar should happen in the MAG. It is also worth remarking that the Landau gauge, the MAG and the CF gauge have many features in common. All these gauges possess a larger set of global symmetries, giving rise to the so called Nakanishi-Ojima (NO) algebra [32] . The operators A 2 , O MAG , O CF are left invariant 10 by the NO algebra.
Evidences for ghost condensates
Contrary to the gauge condensate A 2 , the first proposal for the ghost condensation has been made in the Maximal Abelian gauge by [33, 34] . Due to the quartic ghost-antighost self interaction of the MAG
ghosts might condense, giving rise to bound states. To some extent, the mechanism is similar to the formation of fermion bound states in the Nambu Jona-Lasinio model. Several channels for the ghost condensates are possible [35] The existence of several channels for the ghost condensation can be related to the dynamical symmetry breaking of the generators of the SL(2, R) subalgebra of the NO algebra [32] . It has an interesting analogy with ordinary superconductivity, known as the BCS versus Overhauser effect. The BCS channel corresponds to the charged particle-particle and hole-hole pairing, while the Overhauser to the particle-hole pairing. In the present case the Faddeev-Popov charged condensates c α ε αβ c β , c α ε αβ c β would correspond to the BCS channel, while c α ε αβ c β to the Overhauser channel. Evidences for the existence of the ghost condensates have been reported also in the CurciFerrari gauge [36, 37, 38] . Although the quartic ghost-antighost interaction is absent in the Landau gauge, it has been possible by combining the Local Composite Operators technique with the Algebraic Renormalization to give evidences for the ghost condensation in this gauge [39] . Many aspects of the gauge and ghost condensation are under investigation [40] , deserving a deeper understanding. Some of them are:
• Analysis of the BCS versus Overhauser effect and its relationship with the breaking of the NO algebra, present in MAG, CF and Landau gauge.
• The role of the color and BRST symmetry in the presence of the gauge and ghost condensates.
• Modification of the infrared behavior of the ghost propagator and possible consequences for the Schwinger-Dyson equations. The ghost condensation modifies indeed the off-diagonal ghost propagator in the infrared as 
